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(54) Device and method for preparing calcium phosphate-based cement 



(57) A kneading device suitable for preparing cal- 
cium phosphate-based cement and for applying the 
cement direct to the required site comprises a cylinder 
(1) which includes a hollow cylindrical body portion (11) 
and a nozzle (12) formed at the distal end of the cylindri- 
cal body portion (1 1 ); a plug (2) having an axial through- 
hole (21), slidably disposed within the proximal end of 
the cylindrical body portion (11); a piston assembly (3) 
which includes a shaft (31) extending through the 
through-hole (21) of the plug (2) for axial and rotatable 
movement, a kneading element (32) at the distal end of 
the shaft (31) within the cylindrical body portion (11), 
and a handle (34) formed at the proximal end of the 
shaft (31) external of the cylindrical body portion (1 1); a 
cover member (4) attached to and forming a closure for 
the nozzle (12); and a stop member (5) for locating the 
plug (2) in position at the proximal end of the cylindrical 
body portion (11). 



Fig. 2 




BEST AVAILABLE COPY 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDOCID: <EP 1090609A1J_> 



EP 1 090 609 A1 



Description 

[0001] This invention relates to a device suitable for preparing by kneading a calcium phosphate-based cement 
which may be utilized as a dental or medical cement and for applying the resultant kneaded cement to a treatment site, 
and to a method for preparing a calcium phosphate-based cement. More particularly, the invention relates to a kneading 
device for preparing calcium phosphate-based cement and for applying the resultant kneaded cement to defective por- 
tions of bone, for example bone which has suffered fracture or osteoporosis, or applying the resultant kneaded cement 
as an adhesive for bonding artificial bone, such as that formed from metal or ceramic, to bone, as well as to a method 
for preparing the calcium phosphate-based cement. 

[0002] Calcium phosphate-based cement, which contains a predominant amount of calcium phosphate, is identical 
to the inorganic component of bones or teeth. Calcium phosphate-based cement therefore exhibits high bio-compatibil- 
ity and is useful in certain fields of medical treatment, such as orthopedics and anaplasty. Such calcium phosphate- 
based cement is conventionally prepared by mixing calcium phosphate powder and a kneading liquid, such as distilled 
water, for example, in a mortar to obtain kneaded cement which may then be filled into or applied to a defective portion 
of bone or tooth using a syringe or spatula and then allowed to cure. 

[0003] However, the whole procedure involves strenuous labor in kneading whether performed manually or with 
motor assistance and in introducing the kneaded cement into a syringe. Further, foreign matter or unwanted bacteria 
may enter the cement during the course of kneading or of introduction into the syringe. 

[0004] The present invention seeks to solve the above problems encountered in the conventional procedure and to 
provide a kneading device for calcium phosphate-based cement which facilitates kneading and is capable of preventing 
entry of foreign matter or unwanted bacteria into the cement being kneaded, as well as to provide a method for prepar- 
ing and applying calcium phosphate-based cement. 

[0005] The kneading device according to the invention suitable for preparing calcium phosphate-based cement 
comprises: a cylinder, which includes a hollow cylindrical body portion and a nozzle formed at the distal end of the cylin- 
drical body portion; a plug including an axial through-hole slidably disposed within the cylindrical body portion; a piston 
assembly which includes a shaft extending through the through-hole of the plug for axial and rotatable movement, a 
kneading element at the distal end of the shaft within the cylindrical body portion and a handle formed at the proximal 
end of the shaft external of the cylindrical body portion; a cover member attached to and forming a closure for the noz- 
zle; and a stop member for locating the plug in position at the proximal end of the cylindrical body portion 
[0006] The method according to the present invention for preparing calcium phosphate-based cement comprises 
the steps of: introducing calcium phosphate-based cement and a kneading liquid into the hollow interior space defined 
by the cylinder and the plug of the kneading device described above; subjecting the piston to axial and rotary movement 
relative to the cylinder thereby to knead the calcium phosphate-based cement and the kneading liquid into kneaded 
cement; retracting the piston assembly such that the kneading element contacts the plug; detaching the cover member 
and the stop member; and moving the piston assembly towards the nozzle so as to extrude the kneaded cement from 
the cylinder through the nozzle. 

[0007] The kneading device of the invention may be formed or manufactured from resin, metal or hard rubber, but 
is preferably of a synthetic resin, such as polypropylene, polyethylene, polystyrene, polycarbonate, polyamide, polya- 
cetal or polyester. 

[0008] The cylinder preferably assumes a right cylindrical form. The amount of cement that can be kneaded within 
the cylinder is preferably equal to or slightly greater than the amount of cement to be consumed in a single phase of 
treatment (for example, when the amount of cement to be consumed in a single treatment is 1 0 ml, the capacity of the 
cylinder may be 10-13 ml). If the capacity of the cylinder is less than the amount of cement to be consumed in a single 
phase of treatment, kneading must be performed several times. Alternatively, if the capacity of the cylinder is greatly in 
excess of the amount of cement to be consumed in a single phase of treatment, wastage of kneaded cement will result. 
[0009] The plug may assume any form so long as it is slidable within the cylinder body and does not permit escape 
of kneaded cement from the cylinder, and preferably assumes a substantially cylindrical form corresponding to the inte- 
rior profile of the cylinder body. An O-ring may be fitted into a groove formed on at least either an inner wall surface or 
an outer wall surface of the plug. The O-ring fitted to a sliding portion of the plug prevents escape of the kneaded 
cement from the device and entry of unwanted bacteria into the device and facilitates sliding of the plug and rotation of 
the shaft 

[001 0] Means for allowing the shaft of the piston assembly to move vertically (axially) and to rotate may assume any 
form. Examples of such means include screw cam mechanisms formed on the shaft and a through-hole formed in the 
plug and extending along the center axis of the plug. Preferably, a screw mechanism is employed. Through employment 
of such a screw mechanism, the kneading element formed on the distal end of the shaft can be moved vertically when 
the shaft is rotated. Further, the plug can be moved vertically when the shaft portion is moved vertically without being 
rotated. 

[0011] The kneading element may assume any form so long as it can homogeneously knead cement and a knead- 
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ing liquid. The kneading element may incorporate one or more stirring blades arranged circumferentially along its side 
edges. The stirring blade may assume any form so long as it exhibits good stirring performance. Examples of such 
forms of stirring blades include those represented by blades 321 A, 321 B, 321 C, 321 D. and 321 E shown in FIGS. 3 and 
9-12, described in detail below. The form represented by the stirring blade 321 A of FIG. 3 is particularly preferred. The 

5 stirring- blade 321 A further improves stirring performance. The shaft having such a stirring blade 321 A is preferably 
threaded at a pitch of 5-25 mm (more preferably 6-20 mm, most preferably 7-1 5 mm). Through use of such a threaded 
shaft and stirring blade, homogeneously kneaded cement can be easily prepared within a short period of time. 
[0012] The handle may assume any form so long as (1) it enables the piston assembly to be rotated for kneading 
and (2) it enables the piston assembly and the plug to move towards the nozzle so as to extrude kneaded cement from 

w the cylinder through the nozzle. Examples of such a form of the handle include a bar, a Y shape, a cross, a disk, or a 
polygonal plate. In order to facilitate rotation, a knob may be attached eccentrically to the handle. 
[0013] The nozzle may assume any form so long as it allows introduction into the cylinder of calcium-phosphate- 
based cement and a kneading liquid and ejection of kneaded cement to the exterior of the cylinder. Examples of the 
nozzle include a Luer-Lok form, which is employed in commercially available syringes. Employment of a Luer-Lokform 

75 enables easy attachment to and detachment from the nozzle of an injection needle or a catheter for use with such a 
commercially available syringe. 

[001 4] The cover member may assume any form so long as it prevents unwanted escape of kneaded cement from 
the cylinder through the nozzle. Examples of such a cover include a closed-bottomed form for covering the nozzle, a 
pin-like form for insertion into the nozzle and an appendix form that forms with the nozzle a one-piece unitary element 

20 and is broken off for opening the nozzle. 

[001 5] The stop member may assume any form so long as it can fix the plug within the cylinder at a predetermined 
position while the kneading element is performing its kneading function. Examples of such a stop member include a pin 
to be inserted for fixation or a screw to be screwed for fixation (FIG. 2, for example) or an elastic element that forms with 
the plug or the cylinder a one-piece unitary form and is snap-engaged with the cylinder or the plug (FIG. 13, for exam- 

25 pie). 

[0016] The device according to the invention, and its operation will now be described in greater detail, by way of 
example only, with reference to the accompanying drawings, in which: 

Fig. 1 is a side view of a kneading device according to the invention; 
30 Fig. 2 is a side sectional view of the device of Fig. 1 ; 

Fig. 3(a) is a side view of the stirring blades of the device of Figs. 1 and 2, and Fig. 3(b) is a sectional view taken 
along line l-l of FIG. 3(a); 

Fig. 4 is a side sectional view of the kneading device of Fig. 1 with the kneading element fully advanced; 
Fig. 5 is a side sectional view of the kneading device of Fig. 1 with the kneading element fully retracted; 
35 Fig. 6 is a side sectional view of the kneading device of Fig. 1 with the kneading element and plug fully advanced; 

Figs. 7 and 8 are, respectively, side and side sectional views of a second device according to the invention, incor- 
porating alternative forms of kneading element; 

Figs 9(a) and (b), 10(a) and (b), 1 1 (a) and (b) and 12(a) and (b) are respectively side and sectional views of differ- 
ent forms of kneading elements; and 
40 Figs. 1 3(a) and (b) are side sectional views of still further forms of device according to the invention. 

[0017] A kneading device suitable for calcium phosphate -based cement shown in FIGS. 1 and 2 is formed from 
polypropylene and includes a cylinder 1 , a plug 2, a piston assembly 3, a cover member 4, and stop members 5. 
[0018] The cylinder 1 has a length of about 1 00 mm and a diameter of about 25 mm and includes a hollow cylindri- 
45 cal body portion 1 1 of substantially right cylindrical shape and a nozzle 12 formed at one end of the cylindrical body 
portion 1 1 and adapted for the extrusion of kneaded cement therethrough. The cylinder 1 can be used to prepare 
approximately 10 ml of kneaded cement in a single operation. The nozzle 12 includes a protrusion 121 which consti- 
tutes a Luer-Lok structure. 

[0019] As shown in FIG. 2, the plug 2 assumes a substantially cylindrical form. It is inserted into the cylinder 1 
so through the top open end of the cylinder 1 and is fixed in place by means of the stop members 5. An internally-threaded 
through-hole 21 is formed axially in the plug 2. Reception holes for the stop members 5 are formed in the side wall of 
the plug 2. Circumferential grooves 22 and 23 are formed in the side wall and the internally-threaded through-hole 21 , 
respectively, of the plug 2, and O-rings 61 and 62 formed of silicone resin are fitted into the grooves 22 and 23, respec- 
tively. - 
55 [0020] As shown in FIGS. 2 and 3, the piston assembly 3 includes a shaft 31 , a kneading element 32, four stirring 
blades 321A and a handle 34 including a knob 35. The shaft 31 assumes the form of an externally-threaded rod. The 
external threads of the shaft 31 engage the internal threads 21 of the plug 2, whereby rotation of the shaft 31 causes 
the piston assembly 3 to move vertically (axially) within the cylinder 1 . 
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[0021] As shown in FIG. 3(a), the kneading element 32 is located at a distal end of the shaft 31 . As shown in FIGS. 
3(a) and 3(b), the kneading element 32 includes four stirring blades 321 A, which extend radially from the center of 
kneading element 32. Each stirring blade 321 A has a substantially wedge-like section; i.e., the thickness of the bie,:<e 
decreases towards its radially outer end. 

[0022] As shown in FIGS. 1 and 2, the handle 34 assumes the form of a disk, the center of which is attached to the 
proximal end of the shaft 31 . The handle 34 has an eccejitric knob 35 formed on its upper side which serves for rotating 
the shaft 31. The handle 34 also serves as a finger rest for moving the piston assembly 3 and the plug 2 toward the 
nozzle 12 so as to extrude kneaded cement from the cylinder 1 . 

[0023] Trie cover member 4 is engaged with the protrusion 121 of the nozzle 12 of the cylinder 1 and is adapted to 
prevent escape of cement from the cylinder 1 while the cement is being kneaded. The cover 4 has a protrusion formed 
at its center so as to prevent kneaded cement from remaining within the cover 4. 

[0024] Each of the stop members 5 assumes the form of a pin for fixing the plug 2 in place within the cylinder 1. 
Each stop member 5 is inserted through a corresponding through-hole formed in the side wall of the cylinder 1 and into 
a corresponding reception hole formed in the side wall of the plug 2, thereby fixing the plug 2 within the cylinder 1 at a 
predetermined position. 

[0025] The kneading device described above can be easily manufactured and can be stored in a sterile state before 
use. The kneading device may be used as a disposable tool. 

[0026] A method for kneading calcium phosphate-based cement by using the kneading device described above will 
now be described. 

[0027] In order to prevent escape of cement through the nozzle 12 in the course of kneading, the cover member 4 
is attached to the nozzle 1 2 to thereby block the nozzle. A predetermined amount of cement is then placed into the cyl- 
inder 1 . The plug 2 is inserted into the cylinder and is fixed in place by means of the stop members 5. As shown in FIG. 
5, the plug 2 and the piston assembly 3 are engaged beforehand, the shaft 31 of the piston assembly 3 being screw- 
engaged with the internally-threaded through-hole 21 of the plug 2, and the kneading element 32 being in with the plug 
2. 

[0028] Subsequently, the device containing cement is irradiated with y rays for sterilization. Since the subsequent 
kneading operation is performed within the closed device entry of foreign matter or unwanted bacteria into the device 
can be prevented. 

[0029] The cover member 4 is thereafter removed from the nozzle 12. A Luer-Lok syringe containing a kneading 
liquid is then connected to the nozzle 12 via a Luer-Lok (not shown) and kneading liquid is injected into the device from 
the syringe. Subsequently, the syringe is disconnected from the device and the cover member 4 is re-attached to the 
nozzle 1 2 to thereby block the nozzle. 

[0030] The kneading device is gently shaken for, say 1 0-1 5 seconds. Then, the handle 34 is rotated while the knob 
35 is grasped in the operator's fingers, so as to move the kneading element 32 axially towards the nozzle 12 as shown 
in FIG. 4. Subsequently, the handle 34 is rotated counterclockwise so as to move the kneading element 32 axially 
towards the plug 2 as shown in FIG. 5. This back-and -forth operation is repeated, for example 3-10 times to thereby 
knead the cement and the kneading liquid. 

[0031] The cover member 4 and the stop members 5 are then removed from the cylinder 1. Subsequently, as 
shown in FIG. 6, the handle 34 is pressed down fsc as to move the piston assembly ^ together with the. plug 2 axially 
towards the nozzle 12, thereby extruding kneaded cement from the cylinder 1 through the nozzle. The extruded cement 
is filled into or applied to a target site, such as a defective portion of bone. 

[0032] When the pasty kneaded cement is of low viscosity, the cement may be filled into or applied to a target site 
through a Luer-Lok catheter or a Luer-Lok injection needle attached to the nozzle 12. 

[0033] As described above, rotation of the handle 34 causes rotation of the threaded shaft 31 . As a result, the stir- 
ring blades 321 A formed on the kneading element 31 located at the distal end of the shaft 31 rotate and move vertically 
while stirring the cement and the kneading liquid contained in the cylinder 1. Thus, this kneading operation requires less 
force and consumes less time than does kneading by use of a mortar. 

[0034] Further, kneading is performed within a closed space defined by the cylinder 1, the plug 2, and the cover 
member 4. After kneading, the device can be used directly for filling kneaded cement into a target site or for applying 
the cement to a target site, thereby preventing entry of foreign matter or unwanted bacteria into the kneaded cement. 
Particularly, the O-rings 61 and 62 fitted to sliding surfaces of the plug 2 facilitate rotation of the shaft 31 and sliding of 
the plug 2 while maintaining closure of the device. 

[0035] The stirring blades 321 A can homogeneously knead the cement, irrespective of the viscosity of the cement. 
That is, the device can prepare kneaded cement of high viscosity, or low powder-liquid ratio, as well as kneaded cement 
of low viscosity, or high powder-liquid ratio. Kneaded cement of high viscosity features high formability and high 
strength. Kneaded cement of low viscosity can be filled into or applied to a target site by means of a fine injection nee- 
dle. 

[0036] Kneaded cements obtained by use of the kneading device were subjected to evaluation tests as follows. 
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[0037] Cement and a kneading liquid were kneaded in the proportions shown in Table 1 according to the method 
described above, thereby obtaining kneaded cements of Examples 1 and 2. The kneaded cement of Example 1 has a 
high viscosity and exhibits the consistency of clay. The kneaded cement of Example 2 has a low viscosity and can be 
extruded through an injection needle of gauge 1 8. 
5 [0038] The kneaded cements of Comparative Examples 1 and 2 were obtained by kneading in a mortar the cement 
and the kneading liquid at powder-liquid ratio shown in Table 1 . 



Table 1 





Cement 


Kneading liquid 


Powder-liquid weight 
ratio 


Wet compressive 
strength 


Example 1 


20 g 


4.6 g 


0.23 


598 kg/cm 2 


Example 2 


20 g 


6.0 g 


0.30 


465 kg/cm 2 


Comparative Example 1 


20 g 


4.6 g 


0.23 


613 kg/cm 2 i 


Comparative Example 2 


20 g 


6.0 g 


0.30 


421 kg/cm 2 


Cement: equimolar powder mixture of calcium hydrogenphosphate and tetracalcium phosphate 
Kneading liquid: pure water 



[0039] In order to examine the homogeneity of these kneaded cements, the kneading liquid contained a red pig- 
ment. The homogeneity of the kneaded cements was determined through visual observation for irregular color. The 
kneaded cements of Examples 1 and 2 exhibited a homogeneously kneaded state. 

25 [0040] The kneaded cements of Examples 1 and 2 and of Comparative Examples 1 and 2 were tested for wet com- 
pressive strength according to the decay rate test method described in JIS T 6602. Specifically, each of the kneaded 
cements was filled into a die having a depth of 1 1 mm and a diameter of 6 mm and the cement was allowed to cure at 
a temperature of 37°C and a relative humidity of 100% for 1 hour. The cured cement was then removed from the die 
and immersed in pseudo body fluid [aqueous solution containing Na + (142.0 mmoi), K + (5.0 mmol), Ca 2+ (2.5 mmol), 

30 Mg 2 * (1 .5 mmol), HC0 3 _ (4.2 mmol), CI - (1 48.0 mmol), HP0 4 2 ~ (1 .0 mmol), S0 4 2 - (0.5 mmol), TRIS buffer (33.3 mmol), 
and hydrochloric acid (30 mM)] having a temperature of 37°C for 24 hours. Subsequently, the cement was tested for 
wet compressive strength by use of a compressive strength test machine (product of instron Corp.). The test results are 
shown in Table 1 . 

[0041] As seen from Table 1, the cements of Examples 1 and 2, which were prepared by means of the kneading 
35 device of the present invention, exhibit wet compressive strength values substantially equivalent to these exhibited by 
the kneaded cements of Comparative Examples 1 and 2, which were prepared by use of a mortar. That is, the method 
of the present invention yields kneaded cement in a kneading operation easier than that of the conventional method. 
The cement cures to hardness equivalent to that associated with kneaded cement obtained by the conventional 
method. 

40 [0042] In order to examine the relationship between the form of the stirring blades 321 and the degree of mixing, 
there were assembled kneading devices A, B, C, D and E having stirring blades 321 A (FIG. 3), 321 B (FIG. 9), 321C 
(FIG. 1 0), 321 D (FIG. 1 1 ) and 321 E (FIG. 1 2). These devices A, B, C, D and E were tested for kneading operability and 
the degree of mixing. 

[0043] The device A having the stirring blades 321 A shown in FIG. 3 produced good kneaded cement when the 
45 internal threads 21 and the shaft 31 had a thread pitch of about 1 0 mm. Time required for kneading was about 2 min- 
utes. The percentage of residual kneaded cement after extrusion was not greater than 10%. 

[0044] The device B having the stirring blades 321 B shown in FIG. 9 produced good kneaded cement when the 
thread pitch was about 2.5 mm. Accordingly, time required for kneading was longer than that required in the case of the 
stirring blade 321 A. Similarly, the device C having the stirring blades 321 C shown in FIG. 10 produced good kneaded 
so cement. 

[0045] The devices D and E having the stirring blades 321 D and 321 E of FIGS. 11 and 12, respectively, had the 
disadvantage that cement powder was caught in the gap between the stirring blades 321 D and between the stirring 
blades 321 E, resulting in a tendency toward lower homogeneity of kneaded cement as compared to the devices A, B, 
and C. 

55 [0046] The present invention has been described with reference to specific embodiments, but may be embodied in 
many other specific forms according to objectives or applications without departing from the spirit or scope of the inven- 
tion. For example, the cover member for the nozzle 12 may assume a plug-type form as shown in FIGS. 7 and B. Alter- 
natively, the cover member for the nozzle 1 2 may assume the form of a protrusion 4a as shown in FIG. 1 3(a), which is 
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integrally formed with the cylinder 1 and can be broken off. A device having the protrusion 4a, which serves as a cover 
member for the nozzle, prevents escape of cement or kneaded cement from the cylinder through the nozzle unless the 
protrusion is broken off. Also, the device having the protrusion 4a permits immediate observation as to whether it has 
been used. 

5 [0047] The form of the stirring blades can be modified according to application. For example, the stirring blades may 
be arranged to incline with respect to the axis of the .kneading element Alternatively, the stirring blades may be 
arranged non-symmetrically with respect to the axis of the kneading element. 

[0048] The above embodiments have been described using a pin-type stop member. However, the device is not lim- 
ited thereto. The stop member may assume the form of any other anchoring means. For example, as shown in FIG. 

10 1 3(a), an upper portion of the cylinder 1 may be formed with an elastic portion 5a serving as a stop member. A protru- 
sion 51 a formed on the elastic portion 5a engages the plug 2 to thereby locate the plug in position. Alternatively, as 
shown in FIG. 13(b), a portion of the plug 2 may be formed into an elastic portion 5b serving as a stop member. A pro- 
trusion 51b formed on the elastic portion 5b is engaged by the cylinder 1 to thereby locate the plug in position. Since 
the elastic portions 5a and 5b are a portion of the cylinder 1 and the plug 2, respectively, such stop members cannot 

is become lost or misplaced. 

[0049] By use of the kneading device of the present invention and the method for preparing kneaded calcium phos- 
phate-based cement using it, calcium phosphate-based cement can be quickly prepared through kneading and filled 
into or applied to a target site. Also, entry of foreign matter or unwanted bacteria into the device in the course of knead- 
ing can be prevented. Further, homogeneously kneaded cement can be obtained irrespective of viscosity of the 

20 cement. 

[0050] As a result of the kneading element including the stirring blades described above, kneading can be per- 
formed more homogeneously. Use of the O-rings results in the kneading operation being facilitated, and entry of foreign 
matter or unwanted bacteria into the kneader in the course of kneading can be prevented more effectively. 

25 Claims 

A kneading device suitable for preparing calcium phosphate -based cement, said device comprising: a cylinder (1), 
which includes a hollow cylindrical body portion (11) and a nozzle (12) formed at the distal end of the cylindrical 
body portion; a plug (2) including an axial through-hole (21 ), slidably disposed within the proximal end of the cylin- 
drical body portion; a piston assembly (3) which includes a shaft (31) extending through the through-hole of the 
plug for axial and rotatable movement, a kneading element (32) at the distal end of the shaft within the cylindrical 
body portion and a handle (34) formed at the proximal end of the shaft external of the cylindrical body portion; a 
cover member (4) attached to and forming a closure for the nozzle; and a stop member (5) for locating the plug in 
position at the proximal end of the cylindrical body portion. 

A kneading device according to claim 1, wherein the kneading element (32) incorporates a stirring blade 
(321 A,321 B,321C) disposed along its circumferential ly peripheral edges. 

A kneading device according to claim 1 or claim 2, wherein the outer surface of the plug (2) has a circumferential 
groove (22) formed therein and wherein the device includes also an O-ring (61) of an elastomeric material located 
within the groove thereby to form a seal between the outer surface of the plug and the interior of the hollow cylin- 
drical body portion. 

A kneading device according to any one of claims 1 to 3, wherein the through-hole (21) of the plug (2) has a cir- 
cumferential groove (23) formed therein and wherein the device includes also an O-ring (62) of an elastomeric 
material located within the groove thereby to form a seal between the through-hole of the plug and the shaft of the 
piston assembly. 

A kneading device according to any one of claims 1 to 4, wherein the shaft is threaded through said through-hole 
of said plug. 

A kneading device according to claim 5, wherein the thread has a pitch of 5-25mm. 
A method for preparing calcium phosphate-based cement, the method comprising the steps of: 

55 

introducing calcium phosphate-based cement and a kneading liquid into the space defined by the cylinder (1) 
and the plug (2) of a kneading device according to any one of claims 1 to 6; 

rotating and vertically moving the piston assembly (3) within the cylinder so as to thereby knead the calcium 
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phosphate-based cement and the kneading liquid into kneaded cement, moving the piston assembly such that 
-the kneading element (32) comes into contact with the plug, and detaching the cover member (4) and the stop 
member (5); and 

moving the piston assembly and plug towards the nozzle (12) so as thereby to extrude the kneaded cement 
5 from the cylinder through the nozzle. 
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Fig. 1 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig. 8 




Fig. 9 (a) Fig. 9 (b) 
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Fig. 10(a) Fig. 10 (b) 




Fig. 11(a) Fig. 11(b) 




Fig. 12(a) Fig. 12(b) 
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Fig. 13(a) Fig. 13(b) 
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